Starting from the theory of Green-function, we can write the integral equation for R-matrix in a form similar to what is found by using the phenomenological potential. Comparing these two equations with each other we get an integral equation for the potential. This equation takes a very relevant form, all divergent parts being written down in a covariant way.
Introduction and summary
The recent success of renormalization theory is essentially due to its covariant form. This fact is one of the reasons why quantum field theory succeeds in scattering problem and not so much in bound problems, because it is difficult to treat the latter in a covariant way. In treating a system of two bound particles mutually interacting through a quantized field, a potential plays a significant part in spite of its ambiguous and non-covariant concept Therefore, it seems to be desirable to define and express a potential, at least, in such a way as to make the divergent parts have covariant forms. There are some attempts 1 l to do so by starting from Bethe-Salpeter's equation; however, their four-dimensional wave function seems to make the general view obscure. In order to avoid this difficulty we shall turn our attention to an integral equation for R-matrix.
If there is the phenomenological potential we can express the integral equation for Rmatrix by means of the potential. On the other hand, by using the relations between Smatrix and Green-functions, the integral equation for R-matrix is obtained in the covariant form. Mter some elementary calculations which do not cause any non-covariant divergent part, the latter equation turns out to have a form similar to the former for scattering problems. Comparing the two equations, we can identify some function appearing in the latter equation with the potential in the former for scattering problems. Therefore it seems to be reasonable to propose that this function is also available to the bound-state problems as an effective potential. This function is defined by the integral equation which takes a very relevant form where all divergent parts are written in a covariant way. Unfortunately, we can not find the exact solution of the integral equation for the potential. However, it may be possible to write down the approximate values of energy eigen-values and allied quantities because the integral equation which the potential satisfies is given in a convenient form.
The analysis will be done for two-fermion problem. For some other problems there remain few difficulties as to the separation of divergences. § I. Preliminary discussions According to Wick's theorem, let us expand Dyson's S-matrix into a sum of normal constituents. Then it turns to
where S 0 is (vaci S ivac) and N denotes the normal product. Assuming that there is no external field, we shall take the following momentum representations ;
M""'''B' (xx' yy') = (2n) -12 ~ dp dp' dq M,.,.,
where M has the character
The state vector expressing two fermions with momentum p spin r and momentum p' spin r' respectively, is represented as
where M' is the part of M, corresponding to connected Feynman graphs, and the condition p=f.q=f=p' is assumed. By using the relation 3 l between S-matrix and two fermion Green-function
and further the integral equation
the integral equation for M' can be obtained as follows :
Here I is Schwinger's interaction kernerl. Similar momentum representations as ( 3) have been taken for I and G. Also the relation
,.,,,=-a .. , a .. ,~, has been used without loss of generality, because the energy-momenta q 
Comparing (6) with (12), we shall introduce the following quantity;
which is equal to (pr, p'r'\R\qs, q's') for particular p, p', q and q' satisfying energy momentum relation of free particle. On account of ( 9) and ( 14) the following equation can be derived ;
Here factors between braces have been introduced artificially, and ~ means summation with respect to spin and energy-sign indexes. In this equation divergences come only from the parts Fs. Hereafter we shall neglect the contributions derived from u_parts for a while. After some elementary calculations, for which the above mentioned artificial factors were introduced, the following relation can be obtained :
By using the symmetry character of ( 4) , it can be ascertained that the two terms in the parentheses in (17) have the same contribution. Thus (15) can be written as
Now we shall divide ( 19) into the following set of integral equations :
When we write the equation (20) in an operator form, it turns to
and the summation is carried out with respect to two fermion states with positive energy. The fact that a factor 1/2 does not appear in the second term in the right hand side of (22) is due to the difference between the methods of counting the intermediate states in (20) and (22). For scattering problems, a 0 can be identified with a under the assumption of· adiabatic switching. Thus, comparing (13) with (22) we can see that L plays the part of a potential for all scattering problems.
Therefore it seems to be allowable that L is also available as an effective potential for bound-state-problems. Conclusions are as follows; i) the potential for two fermion problem can be given by L which is defined by the integral equation (21), and ii) since the divergent parts have covariant forms this potential L is just the one we desired.
If we take account of u_ parts which were neglected in the above cakulation, the integral equation corresponding to (21) now turns out to have a somewhat complicated form
This expression, however, allows us to assert the validity of the above conclusion. § 3. Discussions
In order to see the relation between the present method and the usual one, we shall solve Eq. (21) a) ~-1 by iteration. Then it is easily seen that potentials which correspond to a) and b) come from J and a potential corresponding to c) comes from in iteration expansion.
Feynman graphs the second term
From the physical point of view it seems to be most reasonable to construct a potential by starting from Tamm-Dancoff's set of equations. 6 )7) Then, we shall be able to write down the integral equation for R-matrix in terms of the potential in a similar form as Eq.
(10). However, it must be noted that the situation is somewhat different from usual ones because the potential includes the energy eigenvalue in itself.7l On account of this situation, we introduced a phenomenological potential in place of Brueckner-Watson's one and compared two integral equations for R-matrix for scattering problems. In our treatment it must be noted that a0 in L is not regarded as E-HJ+ie but as H 0 (p) +H0 (p') -H0 +ie.
When the eigenstate of two fermions is written as 2:: i rprr' (pp') lpr, p'r')dp dp', rrt 
